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© Cell specific cytotoxic agents. 



© This invention relates to a modified diphtheria toxin (DT) and method of preparing the same in which two 
carboxy-terminal truncated forms of DT are prepared by specific chemical proteolysis generating two new 
proteins HA51DT and HA48DT which can be chemically linked to a cell specific binding moiety to produce 
potent cytotoxins. This invention further relates to carboxy terminal peptides formed in accordance with said 
proteolysis generating three peptides HA1 1 DT, HA7DT and HA3DT. 
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CELL SPECIFIC CYTOTOXIC AGENTS 

The present invention is directed to modified diphtheria toxins, and to the method of production thereof, 
'.vherein said toxins retain the translocation properties and the potential cytotoxicity of native diphtheria toxin 
but are devoid of the cell binding moiety present on the B-chain of said native toxin. The present invention 
is also directed to carboxy terminal peptides of diphtheria toxin wherein said peptides encompass the 

5 binding region(s) of said toxin. Moreover, this invention contemplates a method for the production of 
Immunotoxins wherein said immunotoxins are selectively cytotoxic to specific ceil types by the linking of 
binding moieties specific for said cell types to the modified diphtheria toxin. 

Hybrid proteins having potential as anti-cancer and parasitic disease agents have been prepared by 
linking the enzymatically active A-chains of catalytic toxins to antibodies, hormones or lectins, thereby 

70 aiiowing specific delivery of the enzyme to desired ceil types ( Pastan , et al., 1986 . Cell 47:641-648). These 
A-chain immunotoxins are sufficiently specific, but have proved insufficTently toxic for use in vivo. A<hatn 
immunotoxins are orders of magnitude less potent than the parent toxins, A diminished escape of A-chain 
frcm endocytotic vesicles is apparently responsible for the different in toxicity (Cassetlas. et al.. 1984. J. 
Siol. Chem. 259 : 9559-9364 ). The B-chains of ricin and diphtheria toxin (OT) have dual TctTvitiesTfirs't 

rs translocation of their respective A chains to the cytosol (Neville and Hudson, 1986. Ann. Rev. Biochem. 
55: (95-224 ). and second, cell-surface binding ( Olsnes and Sanvig7 T985. In Endocytosis eds Pastan and 
Wiilingham . Plenum Publ. Corp. pp. 195-230). As tranTiocation appears To be the rate limiting step~in 
intcxication, incorporation of B-chains into immunotoxins may enhance cytotoxicity (Columbatti et al., 1986. 
J. Siol. Chem. 261 : 303Q-3035 ). However, inclusion of toxin B-chains compromises the selectivity for which 

20 the immunotoxins were synthesized, because of the relatively non-specific B-chain binding sites. 

The primary diphtheria toxin membrane-binding property has been localized within a 17 kilodalton 
carboxy-terminal segment of the B-chain and apparently resides in a domain different from that responsible 
for the membrane translocation function ( Columbatti et al., supra). The translocation property has been 
partially ascribed to regions of hydrophobicity within the amino terminal 20 kilodaltons of B-chain (Hudson 

25 and Neville . 1985 . J. Biol. Chem. 260 : 2675-2680 ). Another region of hydrophobicity with possible tran- 
slocation involvement is located within the carboxy terminal 17 kilodaltons of 8-chain (Hudson and Neville, 
supra). — — — 

Attempts to modify catalytic toxins have been reported. Vitetta et al. 1987 . Science 238:1098-1104 
produced a chloramine-T oxidized ricin B-chain that was devoid of lectin'"activity. yet could"potentiate the 

30 cytotoxicity of ricin A-chain containing hybrid toxins. Unfortunately, the modified ricin B-chains were several- 
foid icwer in activity than native ricin B-chain and would no longer associate spontaneously with ricin A- 
chain. Naturally occurring mutant or genetically engineered forms of DT which lack the carboxy-terminal 17 
kilcdaltons of B-chain potentiate the cytotoxicity of hybrid toxins prepared with these proteins iQO-fold over 
A-chain containing hybrids, but remain 100-fold less toxic than OT containing hybrids ( Columbatti et al.. 

35 supra ). A DT-fusion protein has been produced in which the carboxy-terminal 51 amino acids has^e¥n 
replaced with the alpha MSH (melanocyte stimulating hormone) sequence (Murphy et al., 1986, Proc. Natl. 
Acad. Sci.. USA . 83: 8258-8262 ). Experiments with this protein indicate that it i^ hTghtTloxiTlo" cills 
expressing the alpha-MSH receptor, and non-toxic to non-target ceils. Unfortunately, these and similar 
genetically engineered proteins appear to be extremely susceptible to protease activity by the expression 

^ vector: there also appear to be other expression problems possibly related to proper folding of an active 
protein- ( Murphy et al., supra ; Bishai et at., 1987 . J. Bacteriol. 169 : 1554-1563 ). Greenfield et al. (1987. 
Science 238:536-539rceported the isolatiorTof mutant forms of OT (CRM 102 and 107) with point mutaHoris 
in the carboxy terminus at residues 508 (CRM 102) and 525 (CRM 107) that are less toxic to susceptible 
cells than DT. yet are equally potent as OT when incorporated into a hybrid toxin. No data, however, was 

•^5 reported concerning the speed of toxicity relative to OT for these receptor-deficient toxins, 

A major drawback in the development of immunotoxins, and other specific cytotoxic agents, has been 
the slow rate of killing offered by A-chain conjugates. A-chain immunotoxins are sufficiently selective in 
vitro, but in vivo results have been poor. Maximal injections of up to 10-20 mg/kg body weight results in "a 
95% decrease in tumor burden ( Fulton et al., 1987 . Fed. Proc. 461 : 1507) which is insufficient to cure the 

50 animal. 

The subject invention relates to modified diphtheria toxins lacking the B-chain ceil binding properties 
resulting in toxins apparently exhibiting no toxicity to cells. Said toxins are produced by selectivity removing 
carboxy terminal peptides encompassing said binding properties while leaving the translocation characteris- 
•ics of diphtheria toxin intact. However, these toxins, when a cell binding moiety is chemically linked to the 
'rur.cated 8-chain, exhibit potency and fast acting characteristics equivalent to native OT, yet are specific 

2 
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for desired sub-populations of cells. Moreover, these modified toxins can be useful in preparing effective in 
vivo immunotoxins and other specific cytotoxic agents. ~ 
* Figure 1 is a diagrammatic representation of diphtheria toxin (DT) and its derivatives HA510T and 
HA48DT indicating the major functional regions and the two hydroxyiamine sensitive asparaginyl-giycyi 

5 bonds at positions 453/454 (a) and 481/482 (b). The hydrophobic regions are though to be primarily 
involved in membrane translocation. 

Figure 2 is a graphical representation of cytotoxicity and binding of diphtheria toxin (DT). HA51DT 
and HA48DT to MCF-7 human breast cancer cells. Graph (a) represents displacement of '^^i-iabeled DT 
from membranes prepared from MCF-7 cells; Graph (b) represents toxicity of DT. HA51DT and HA48DT to 

10 MCF-7 ceils. 

Figure.3 represents cytotoxicity of hybrid toxins prepared with DT, HA51DT, HA48DT and the A-chain 
of DT. Graph (a) represents cytotoxicity of Con A hybrid toxins on mouse Leydig tumor cells (MLTCl) 
following exposure to toxins for 36 hours; graph (b) represents cytotoxicity of Con A hybrid toxins on 
MLTC1 cells following two hour exposure to toxins. 

75 

The subject invention relates to modified diphtheria toxins (OT) wherein said toxins are devoid of the 
cell binding moiety present on the B-chain of native OT. Moreover, this invention contemplates a method for 
the preparation of immunotoxins and other specific cytotoxic agents using said modified toxins wherein a 
specific binding moiety is chemicaily linked to the truncated B-chain. This invention also contemplates a 
20 method for the selective cytotoxicity of numerous cell types including tumor or cancer cells, in vivo. 

The present invention relates to modified diphtheria toxin, hereinafter referred to as OT Native DT is 
characterized by the amino acid sequence shown below: 
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N-<51y-Aia-Asp-A'sp-v£;iVi^Asp-Ser-Ser-iyi-Ser;2Ill:^^ 
ThrM.yt-Cr2-G!y-Tyr-v^t-Aso-Ser-lli"^InH_yi-<3iy-!ji-G^ 

ryr-Asp-Asp-Asp-Ir£M,yi-GIy-£Hi-ryr-39r-7>ir-i.sp-Asn-Lyt-Typ-Asp-Aii^^ 
Asp-Asn-6Iu-Asn-?Piijy-ScrH5Iy4.y I -Aia-K5ly-Giy-V£^ 

Viidd:J:±liUrt y t -liL^'Asp-^^ 

lJi::^-6lu-GIn-\^^GIy-ThP-6Iu-6lu-£t^ 
Seri?ij£ro-Ohfl-A!a-€Iu-oly-Ser-^ 

Ssr-ViHGiu-'siy-eiu-lIe-Asn-Phi 

r:?ilAii-Gln-Ala<ys-Ala-^ly-Asn-Arfi-l^^ 

ji^iAsn-i^-Asp-loi-Asp-ysHii-Apg-Asp-Lys-Tnr-Lya-^ 

Glu - Ser- l gu-Lye-GIu-///>Glv- Pro*ile -Ly8-Asn-Lya-riet-Ser-Glu -Ser 
p£0-Asn-Ly3-Thr-M-Ser-GlU"G]u-Ly9-Aia-Ly3-G]n-Tyr-L^-Glu-GIu- 

£]:i- /y/>Gln-Thr- Alaii^-G 1 u- /V/^ 

Tr.r-n]y-Thr-A<;n" Pro-V;^l-Phf?-Al2 *n]v-Ala-Asn'Tyr'Al;?"Alg-Trr)-A1g-V3l' 

Thr- Ala-Ala -Leu-Ser- lle-LeM-Pro -Glv-lle-Glv-Ser'VaHrl^ 

ser-LiUiIlsiiyai^A^ 

Gly-PhSzAlizAia-Tyr-Asn-Phei^ 

Val-///5-Asn-Ser-Tyr-Asn-APg* PrQ-Ala" Tvr-Ser-Pro-G1y-///>Ly9'Thr-G1n- 
Pro-Phe-Leu- ///>AsD-G]v-Tvr- A1a-Va]- 5er-TrD-Asn-Thr-Val'-G1u-Asp-Ser- 

M2HIi-APfl-Thr-Gly-Ph£-Gln-Gly-61u-5er-G]y-/y/>Asp-l^^ 
Ala-G 1 u- Asn-Thr-ProHjuiP^^ 

Lys-!^-Asp-yaL-Asn-Lys-Ser-Ly8-Thr-/V/>ne-Ser-v^ 

L y 3 -He- A r g -Mei- A r g <y s- A r g - AiaHji^As^ 

Apg-Pra-Ly3-5er-PrajVaI-Tyr-yaI-Gl>^A^ 
val-A]2"Phe- ///>Apg-Ser-Ser'Ser-G1u-LyIr[Il^ 

^gr-AsQ-Ser-11e-G]y- Val-Leu- G1y-Tvr-Gln-Ly9-Thr"yal'Asp'///>Thr'Ly8- 
Vai- Asn-5er-Ly 8 *Leu-5er- Leu-Ph9-Phe- Gl u-JJe'Ly 8 - 5er-C 

v/herein the small print refers to the A chain, the large print refers to the B chain, underlined amino acids 
are hydrophobic, bold print refers to negatively charged amino acids, heavy bold print refers to positively 
charged amino acids and italicized amino acids are ionizable histidyl residues that protonize due to protein 
environment. 

The new toxin is devoid of the cell binding moiety associated with the B-chain while retaining the 
translocation properties of said chain. More particularly, one aspect of this invention is directed to the use of 
hydrcxylamine hydrolysis to break the asparaginyl-glycyl bonds sensitive to such hydrolysis. The B-chain of 
DT contains fwo asparaginyl-glycyl bonds at amino acid positions 453-454 and at 481-482. Hence, in 
accordance with the present Invention, following hydroxyiamine hydrolysis executed under one set of 
conditions, approximately equal amounts of a 48 kilodalton (Kd) peptide, a 51 Kd peptide and unhydrolyzed 
OT are produced. Additionally, following said hydrolysis, smaller carboxy terminal amino acid segments 
^peptides) are produced. These peptides comprise fragments of approximate size 11 Kd. 7 Kd and 3.5 Kd. 
Hereinafter, said peptides are defined as HA110T, HA70T and HA3DT. respectively. One skilled in the art 
.viil recognize the utility of said peptides as potential binding site moieties and potential agonists or 
antagonists for the specific membrane binding site. 

The 48 Kd modified diphtheria toxin is further characterized by the following amino acid sequence: 
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N-(31y-Al3-A5p-Asp-yil^HAsp-Ser-5er-Lv>-Ser -Ph»-Val-nel- 6lu-Asn-Pht-Ser-5tr-rYr-A'/J-<31y- 
Thr-Ly ■ -gca-Gly-Tyr-iial-Aso-Sep-lliHjIn-L y ■ -<31y-lIt-GIn-Ly ■ -Sci-ly ■ -Sep-<3ly-niP-(jln-<5Iy-Asn- 

Tyr-Asp-Asp-Asp-Ira^iyi-<31y-aii-Tyr-S>r-T>p-Asp-Asn-iyt-Tyr-AB0- Ala-AI«- <;iY-Tvr-S«r-V»h 
Asp-Asn-6Iu-Asn-Pnrt«Si-SepH3lyH.yi-Al4H31yH3ly-Val;:Vil-^ 

VaKau-Ala-i piH.vi«S^I-Asp-Asn-Ala-^lu-Thp-neM.yi-Lyi-filu^jt£-GiY-(.gij-SerHeu-'niP-61u-?ro 
LiUiflfil-S lu -6In-^61y-Thp-6 1 u-6 1 u-Piia£iM. y I - A r 5 -Eili-GIy- A s p -^^ 
S9r -Lgu-Ppo-Ph«-Ala- 61u-gly-Str-Ser-Sep-Vat-^lu-TYP-IJg-Asn-A5n-rrD-61u-<j|n-Ala-Lyi- Al3-Leu- 

Ser-VLf-6Iu-!^-€lu-IIe-Asn-Pher^Iu-Thr-Ar8-GlyH.yB-APg-<jiy^^^ 

net:AiiH3in-Aia<ys-AiiH5iy-Asn-Arfl-vai-Afa-Apfl-5er-Val-Glv-5er-5er-Le 

iliiAsn-Uu- Asp-Im- Asp- Miili-Apg - Asp-Ly 3 -Thr-Ly 3 -Thr-Ly s -LLi- 
GIu - Ser- Lm-Ly8-Glu-///>Glv- Pro-He- Lya-Asn-Lyg-Met-5er-Glu -Ser 
Pro-Asn-Lys-Thr-Val-Ser-GIu-Glu-Lya-Ala-Lya-Gln-Tyr-Leu-Glu-Glu- 
Phe- /y/>Gln-Thr- Ala-Leu -G 1 u- /V/>Pro-Gi u-Leu-Ser-G 1 u-Uu-Ly 8 -Thr-Val- 
Thr-Glv-Thr-Asn- Pro-Val-Phg-Ala- GlY-Ala-Asn-Tvr- Ala-Ala-Trn-Ala-V3l - 
Asn-VaJrAla-Gln-Val-tle-AsD-Ser-Glu-Thr-Ala-Asp-AsnH ei)-Glti-| ya-Thr- 
Thr-Ala-Ala-Leu-5er- l le-Leu-Pro -Glv-l le-Gly-Ser- Val-Met -Glv- l le-Ala -Aso- 
G ] y - Ala-Val - ///iy-///^- Asn-Thr-G I u - G 1 u - l!e-Val-Ala -Gln-5er- lle-AlaH eu -^&r 
5er-Leu-Met-Val-Ala-Gln- AIa-l Ig-Pro-I pn-Val- Gly-GIu- Lgu-Val -Asp-l If-' 
Glv- Phe-Ala-A]a -Tvr-Asn- Phe-Val- Glu-Ser- lle-ne- Asn- Leu-Phe- Gln- Val- 
val- ///5-Asn-Ser-Tvr-Asn-^Pg- Pro-A]a- Tvr-Ser-Pro-G]y-/V/>Lya-Thr-G]n- 
Pro-Phe-Lgu-///>AsD-G1y-Tyr- Ala-Va] -Ser-TrD-Asn-Thr-Val-Glu-AsD-Ser- 

i]£d]i-Apg-Thr-Gly-£hi-Gln-Gly-61u-5er-Gly-/y/>Asp-lIi-Lya-lli-Thr- 
A1a-G1u-Asn-Thr- Pro-Leu-Pro-l]g-A]a- Glv- Val-Leu-L6u-Pro- Thr- ne-Pro- Gly 
Ly 8 -LSU- Asp- Val- Asn-Ly 9 -Ser-Ly 8 -Thr- ///>iii-Ser-M{Asrv^ 



The 51 Kd modified diphtheria toxin is further characterized by the following amino acid sequence 
shown below: 
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N-giy.Al^-Asp-Asp-V3l:ViKAsp-5er-SerH.vi-Ser -Pn»-Val-n?^ 

Thr-Ly I -Sca-Gly-ryr-VahAsD-Ser-Ui-Oln-ly ■ -Giy-Ui-Gln-Ly I -SE2-Ly i -Ser-GIy-TTir-GInH51y-Asn- 
5 Tyr-Asp-Asp-Asp-I^2^■y■-Gly-0^a.-^y^-S«^-lhr-Asp-Asn-Lv■-Tvr-AtD- AU-AI^- Glv-^vr-S.^-Vl^. 
Asp-Asn-6Iu-Asn-Pro-Leu-Ser-<31y-iy t -Ala-Gly-GIy-Vji^Hy B -V»l--nir-Tyr-=:c-<3Iy-t£i-TT.rM.y i 
MddazAialsirt y I - VahAsp-Asn-AI^^ 

-!^:j:££L-6lu-Gln-V^H51y-TV-6lu-6lu-ghidll^^ 
'0 Sar-i....JroJh.-Ala-6lu^;iy-Ser-Ser-Ser-V|h6lu-Tyr-ll.-Asn^^ 
Ser-Vat-6lu-(^-6lu-lls;.Asn-Phi-^lu-Thr-ArC-0lY^ 

G£izAIi-Gin-Aia<ys-Aia-K;iyMsft-A r a -vl^a r a -A r B -S er-Vai-G ^ 

il£zAsn-Lsii- Asp-Ira- Asp-vsid]£-Arg -Asp-Ly s -Thr-Ly 9 -Thr-Ly s -ili- 

GIu - Ser- Uu-Ly 8 -G I u- ///>Gly-PrQH!i-Ly a - Asn-Ly a -Me t -Ser-G 1 u -Ser 

Pra.- Asn-Ly 3 -Thr-Vai-Ser-G I u-G 1 u-Ly 9 - Ali-Ly 3 -6 In-Tyr-Liu-G 1 u-G I u- 
Phe- ///>Gln-Thr- Ala-Leu -G 1 u- ///^Pro-G 1 u-Leu-Ser-G lu-Leu-Lya -Thr-Val- 

20 Tnr-Glv-Thr-Asn-Prn-V;»l-0h°-Ala-Glv-Ala-Asn-Tyr- Al2-Alq-Trn-A^-V3|- 

Asn-V3l-Ala-Gln-V3l-llP-Ac;p-';pr-r;iii-Thr-Ajl2-Acyp-Aqri-i_^-g|^-|^yg_yf^P 

Thr-AlarA!a-Leu-Ser- l]e-Lgu-PrQ- Glv-lle-Gly-Ser- Val-Met- Gly- ll8-Ala- Asp- 

6:y-Al3::2M.-/y/5-/y/>Asn-Thr-Glu-Glu- lle-Val-Ala- Gln-SBr- l'e-Al2H gti -gpr 
5er-Leu-M9t-vai-Aia-Gln-Ala-Hg-Pro-i Pn-vai-fiiy-nin-i g.{-\^-^.^p-i2^- 

Gly-PH9-Ala-Ala-Tyr-Asn-Ph°::yal-Glu-Ser- ne-lle- Asn- Lgu-Phe -Gln- Val- 
Vai- /y/>Asn-Ser-Tyr-Asn-^rgi-Prs^.la-Tvr-Ser-Pro-Gly- ///>Ly 8 -Thr-Gin- 

Pro-Dhe-Leu-/y/>Asp-G]y-Tyr-Alazyai-5er-Im-Asn-Thr-Val-G1u-Asp-5er- 

iiidii-Ar 0 -Thr-6Iy-Phi-Gln-Gly-Gl u-5er-Gly-///>Asp-]j£-Ly 8 -Jli-Thr- 
Aja-G 1 u- Asn-Thr-Pro-L eu-Pro- 11 p- a i a-G1y- Va 1-Leu-L eu-Prn- Thr- 1 1 e- Pro- G ly 

Ly s -LiU- Asp-M- Asn-Ly 8 -Ser-Ly 3 -Thr- ///>lJi-Ser-M(AS?Giy^ 
35 Lys-ili-Arg-iM-Arq^vs-Arg- Ala-ne- AsD-Gly-Asp-VaVmr^Phe-Cys- 
APQ-Pm-Ly 3 -Ser-Prji^-Tyr-Vgi-GiyfAsn- ' 



25 Ci 



40 
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50 



55 



6 



EP 0 332 174 A2 



HAllDT is further characterized by the amino acid 
sequence: ^ 

Ly3-lk-Arg-net-Arg-Cys-Arg- A]a-iie-A5p-G lv-AsD-VaPTrir=T?he-Cvs- 
Apg-M-Lya-Ser-Pro^M-Tyr-ysi-Gly^Asn^G^ 

Val-Ala-Phe-///>Arg-5er-5er-Ser-G]u-Ly8^IIi-///>5er-Asn-G1u-Jie-Ser- 

Ser-Asp-Ser-ne-Gly-Md=eu-Gly-Tyr-GIn-Ly9-Thr-yai-Asp-///5-Thr-Ly3- 
yaj-Asn-Ser-Lyfl-Leu-Ser- Leu-Phe-Phg -Glu-lle-lyQ-Spr-r 

HA7DT is further characterized by the amino acid sequence: 

•GJ yj- val- ///>Ala- Asn-L£i:- ///jw 
Va1-Ala-PhP-///>Arg-56r-Ser-Ser-Glu-Cy8^--///>Ser-Asn-Glu-JJi-Ser- 

Ser-Asp-Ser-n£-GIy-MiLiU-Gly-Tyr-Gln-Ly3-Thr-V2i-Asp-///>Thr-Ly3- 
Val-Asn-Ser-LVB-Leu-Ser- Leu-Phe-Php -niii-np-? yo. <;or-r 

HA3DT is further characterized by the amino acid sequence: 

^^^^^^ 

Arg-PQi-Ly3-5er-P[:(li^-Tyr-V2i-Gl\fAsf^ ' 



Depending on the intended applications of the hydrolysis products, the conditions may be varied such 
that one or other truncated species predominates relative to the other species. Under other conditions, 
almost quantitative conversion of DT to both truncated DT species can occur. This may be important during 
purification. For example, for certain applications, equal or varying amounts of the two truncated species 
may be permissible thereby alleviating the need to purify one away from the other. It is within the scope of 
the present invention to include all preparations of modified OT wherein said preparations may or may not 
be pure, homogenous, or containing unhydrolyzed DT. The two modified DT will henceforth be referred to 
as HA48DT for the 48 Kd peptide and HA510T or the 51 Kd peptide. The preparation of said modified DT 
is more fully described in Example 1 and by reference to Rgure 1 . 

The primary diphtheria toxin membrane-binding property has been localized within a 17 Kd carboxy- 
terminal segment of the B-chain and apparently resides in a domain different from that responsible for the 
membrane translocation function. The translocation property has been partially ascribed to regions of 
hydrophobicity within the amino terminal 20 Kd of the B-chain. In accordance with the present invention and 
as described more fully in Example 2 and Figure 2, the surprising discovery is made that the modified 
toxins HA48DT and HA51DT no longer possess the capacity to bind to target cells relative to native DT. 
One skilled in the art will immediately recognize the potential application of other hydroiyzing agents to 
effect a similar cleavage or the use of molecular biology to manipulate DNA encoding the DT such that a 
similar truncated Dt is produced. A critical feature in this invention is the position of the cleavage and the 
functional properties of the resulting toxins. Accordingly, it is considered within the scope of this invention to 
include ail hydroxyamine modified DT or similar DTs of same sequence wherein said toxins have lost the 
capacity for cell binding while retaining the property of translocation and the potential for full cytotoxicity. 
Furthermore, the scope of the subject invention also includes the carboxy terminal peptides comprising the 
binding region(s) of the OT molecular. Said peptides, defined herein as HA11DT. HA7DT and HA3DT, can 
be produced following hydroxyamine hydrolysis or by a variety of genetic engineering techniques. 

In accordance with the present invention, the cytotoxic potential of the modified DT is exemplified by 
the chemical linking of a cell-binding moiety. The resulting hybrid molecule exhibited selective cytotoxicity 
by virtue of said cell-binding moiety. For the purposes of illustration, and in no way intended to limit the 
scope of the invention, the cell-binding moiety described in Example 3 is Concanavalin A (Con A). When 
chemically linked to Con A, HA51DT and HA48DT were much more potent cytotoxins than conjugates of 
Con A to diphtheria toxin A-chain (DTA; Rgure 3). Murine cells, such as the MLTC1 line used here, are 
insensitive to the effects of DT, but have fully susceptible elongation factor 2. providing a system for 
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ccmparing toxicity of modified toxins to DT. Consequently, the cytotoxic effects of conjugates of Con A 
linked to either HA510T or HA4aOT to a conjugate of Con A linked to DT were directly compared. With 
both icng (36 hour) and short (2 hour) term exposure of ceils of conjugates. Con A-HA51DT was equally 
toxic as the conjugate of DT. while the HA48DT conjugate was only slightly less toxic than either conjugates 

5 of HAS IDT or DT, These results indicate that DT, modified as described herein, possesses essentially all of 
the membrane transport ability of the original toxin, but little, if any. of the cell surface binding ability. 

Ccn A is a protein that binds to mannosyl residues. Mannosyl residues are found as part of the cell 
surface gylcoproteins of many cells. In accordance with this invention. Con A was not intended to be 
exemplary of a selective cell-binding moiety but a model demonstrating the cytotoxic potential of the 

10 modified DT conjugates. Cell-binding moieties contemplated by the present invention wherein said moieties 
are (inked to the truncated B-chain of HA48DT and HA51DT include antibodies, hormones (e.g. LH). other 
proteins, carbohydrates, and other compounds, which selectively bind to specific cells including cancer or 
tumcur cells. Furthermore, either of the two modified DT can be chemically joined to a celt-specific moiety 
in a variety of ways. The linkers, most probably heterobifunctional reagents, can be varied to satisfy the 

15 requirements of individual applications. There are a large number of chemical reagents commercially 
available for this purpose and new ones can be synthesized to fit individual needs. Importantly, those 
described herein are merely illustrative and are not intended to limit the scope of the present invention. In 
the instant case, the heterobifunctional agent used was N-succinimidyl 3-(2-pyridyldithio) propionate, 
referred to herein as SPDP. The succinimidyl end reacts with amino groups and the pyridyldithio end reacts 

20 with sulfhydryl groups. 

The scope of the present invention should not be limited to any one cell-binding moiety or to any one 
method of linking said cell-binding moiety to the modified DT. The present invention also contemplates 
recombinant DNA techniques to link, at the level of DNA sequence, a binding moiety and a modified DT. In 
one instance, a gene encoding the binding moiety of, for example, an antibody or a hormone is fused using 

25 standard techniques to the carboxy terminal encoded end of the DNA coding for either HA48DT or HAS 1 DT. 
The resulting hybrid gene, when transcribed and translated, will produce a hybrid protein comprising a cell- 
binding moiety linked to the modified DT. Techniques useful with respect to this aspect of the invention can 
be found in Silhavy et al., 1984 . Experiments with gene fusions . Cold Spring Harbor Laboratory, pp. 1-293, 
hereby incorporated by reference, 

30 The present invention also contemplates a method of producing an immunotoxin wherein said im- 
munotoxin is selective for particular cell-types. It is contemplated that said cell types include cancer, 
tumors, lymphomas and ceil abberation diseases. The immunotoxin can be prepared in accordance with the 
present invention by linking, via chemical or molecular means, a cell-binding moiety to HA48DT or HAS IDT 
and using saia immunotoxin as selective cytotoxic agents in vivo. Consequently, the potential applications 

35 are as myriad as the applications of selective cell killing. Listid beiow are some of the applications for these 
peptides that may be considered useful. 

1. Antibodies for the treatment of tumors, i.e. anticancer agents. 

2. Antibodies for the treatment of virus disease, i.e. antiviral agents. 

3. Antiparasite agents. 

4. Agents to facilitate organ transplantation, i.e. specific anti-immune agents. 

5. Agents to prevent graft vs. host disease, i.e. specific anti-immune agents. 

S. Treatment for autoimmune diseases, i.e. specific anti-immune agents, and for related illnesses 
such as- multiple sclerosis, muscular dystrophy, arthritis, and some forms of diabetes. 
7. Treatment for hyperplasia disorders. 
45 3. Treatment for obesity, or simply cosmetic fat reduction. 

9. Treatment of meat animals to produce lower fat products. 

10. Regulation of hormonal activities, including reproductive regulation and castration. 

1 1 . Treatment of plants to facilitate hybrid production. 

12. Direction of embryonic development in animals. 

50 

It is, therefore, within the scope of this invention to include pharmaceutical (i.e. therapeutic) preparations 
of said immunotoxins. as well as others. 

The active ingredients of the therapeutic compositions and the modified DT molecules linked to a cell 
binding moiety of the present invention will exhibit excellent anticellular including anticancer activity. Thus 
55 the active ingredients of the therapeutic compositions and the novel compounds of the present invention are 
contemplated to inhibit transplanted mouse tumor growth and induce regression and/or palliation of 
leukemia and related cancers in mammals when administered in amounts ranging from about 1 ug to about 
20 mg per kilogram of body weight per day. A preferred dosage regimen for optimum results will probably 
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be from about 10 ug to about 20 mg per kilogram of body weight per day. This dosage .-egimen may be 
adjusted to provide the optimum therapeutic response. For example, several divided doses may be 
administered daily or the dose may be proportionally reduced as indicated by the exigencies of the 
therapeutic situation. 

5 The active compounds may also be administered parenteralty or intraperitoneally. Under ordinary 
conditions of storage and use, these preparations contain a preservative to prevent the growth of 
microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions. In ail cases the 
form must be sterile and must be fluid to the extent that easy syringabiiity exists. It must be stable under 

10 the conditions of manufacture and storage and must be preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier will be aqueous solutions. The preventions of the 
action of microorganisms can be brought about by various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, sorbic acid, thimerosal. and the like. In many cases, it will be preferably to 
include isotonic agents, for example, sugars or sodium chloride. 

15 Sterile injectable solutions are prepared by incorporating the active compounds in the required amount 
in the appropriate solvent followed by filtered sterilization. Generally, dispersions are prepared by incor- 
porating the various sterilized active ingredient into a sterile vehicle which contains the basic dispersion 
medium and the required other ingredients from those enumerated above. In the case or sterile powders for 
the preparation of sterile injectable solutions, the preferred methods of preparation are vacuum drying and 

20 the freeze-drying technique which yield a powder of the active ingredient plus any additional desired 
ingredient from previously sterile-filtered solution thereof. 

As used herein, '*pharmaceutically acceptable carrier" includes any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like. The use 
of such media and agents for pharmaceutical active substances is well known in the art. Except insofar as 

25 any conventional media or agent is inconripatible with the active ingredients, its use in the therapeutic 
compositions is contemplated. Supplementary active ingredients can also be incorporated into the composi- 
tions. 

It is especially advantageous to formulate parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form as used herein refers to physically discrete units 

30 suited as unitary dosages for the mammalian subjects to be treated; each unit containing a predetermined 
quantity of active material calculated to produce the desired therapeutic effect in association with the 
required pharmaceutical carrier. The specification for the novel dosage unit forms of the invention are 
dictated by and directly dependent on (a) the unique characteristics of the active material and the particular 
therapeutic effect to be achieved, and (b) the limitations inherent to the art of compounding such as active 

35 material for the treatment of disease in living subjects having a diseased condition in which bodily health is 
impaired as herein disclosed in detail. 

The principal active ingredient is compounded for convenient and effective administration in effective 
amounts with a suitable pharmaceutically acceptable carrier in dosage unit form as hereinbefore disclosed. 
A unit dosage form can, for example, contain the principal active compound in amounts ranging from 5 ug 

40 to about 10 mg, with from about 250 ug to about 750 ug being preferred, in the case of compositions 
containing supplementary active ingredients, the dosages are determined by reference to the usual dose 
and manner of administration of the said ingredients. 

Regression and palliation of some cancers are contemplated, for example, using intraperitoneal 
administration. A single intravenous dosage or repeated daily dosages can be administered. Daily dosages 

45 up_to about S days will probably be sufficient. It is also possible to dispense one daily dosage or one dose 
on alternate, or less frequent days. As used herein, cancer disease means blood malignancies such as 
leukemia, as well as other solid and non-solid malignancies such as the melanocarcinomas, lung carcino- 
mas, and mammary tumors. By regression and palliation is meant arresting or retarding the growth of the 
tumor or other manifestation of the disease compared to the course of the disease in the absence of 

50 treatment. 

The present invention is further illustrated and defined by the following examples, but said examples 
should not be construed to limit the scope of the subject invention. 



S5 EXAMPLE 1 
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Purfication of diphtheria toxin 



OT was purified be DEAE-sephacei ion-exchange chromatography. A column of DEAE-sephacel (2.0 x 
IGc.r.) was equilibrated in 0.01 M Tris-HCI, pH 7.7 containing 1 ug/ml phenymethyl sulfonyl fluoride (PMSF) 

5 and 0.02% sodium azide. OT was adsorbed to the column in the buffer used for equilibration buffer, and 
eluted with a gradient of 0 to 0.4M NaCI in the equilibration buffer. Fractions corresponding to DT. as 
judged by SOS-PAGE and cytotoxicity, were pooled and dialyzed (4C; 12 hours) against O.Ol M Tris-HCI. 
pH 3.2 containing 1 ug/ml PMSF. Following dialysis, DT was concentrated (50 mg/ml) with Centricon 
micrcconcentrators and stored at -80 C. DT concentrations were determined by utilizing an extinction 

70 coefficient of 1.19 (280 nm). 

Hydroxylamine cleavage of diphtheria toxin 

75 Hydroxylamine cleavage of DT was performed as follows. A solution of 2 M hydroxylamine, 3 M 
guanidine-HCI, pH 9.0 (4.5 M LI OH as titrant) was added at room temperature to DEAE-purified OT so that 
the final concentration was 170 uM OT, 5.4 M guanidlne-HCI and 1.8 M hydroxylamine. The mixture was 
reacted at 38-40C for 8 hours with occasional stirring, and the reaction . stopped by chromatography with 
Bicgel P6-0G (2x18 cm) equilibrated in deionized. glass fiber filtered 6 M urea, 0,1 M Tris-HCI, 0.001 M 

20 eihyienediaminetetracetic acid (EOTA, desalting buffer), pH 8.2. DT A-chain was reacted under identical 
conditions. Control reactions were performed in which conditions remained the same with omission of 
hydroxylamine. 

To remove small peptides, the reacted toxin was chromatographed through a column of Sephadex G-75 
superfine (2 x 80 cm) equilibrated in desalting buffer. The high molecular weight peak was renatured by 

25 chromatography through a column of Biogel P6-0Q (2 x 30 cm) equilibrated in 0.05 M Tris-HCI, 0.001 M 
EDTA, pH 7.7, containing 1 ug/ml PMSF (renaturation buffer) to remove the urea. The toxin was 
concentrated as described above, and applied to a Pharmacia (Uppsala, Sweden) FPLC, Superose 6 
column (HR 10/30; 10 x 60 mm) equilibrated in 0.05 M Tris-HCI, pH 7.7, containing 1 ug/mi PMSF 
(purification buffer). Fractions containing monomer toxin were pooled and applied to a Pharmacia FLPC 

30 Mono-Q anion exchange column (HR 5/5; 5 x 50 mm) equilibrated in purification buffer. The toxin was 
eluted with a gradient of 0 to 0.3 M NaCI in purification buffer. As judged from chromatograms and sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), fractions enriched in unreacted diphtheria 
toxin, 51 Kd DT (HA51DT) and 48 Kd OT (HA48DT) were pooled separately and rechromatographed over 
the FPLC Mono-0 column utilizing the smilar conditions. A single major chromatogram peak corresponding 

35 to fractions containing essentially pure DT (as judged by SOS-PAGE) or modified toxin was obtained for 
each of the three proteins. The DT were stored at -80 C until further use. 



SDS-PAGE 

SOS-polyacrylamide gel electi'ophoresis was performed on 10 to 15% gradient utilizing a Pharmacia 
Phast-Gel TM system. Silver straining was performed on all gels. 

45 Molecular Sieve Chromatography 



Parmacia Past Performance Liquid Chromatography (FPLC) Superose 6 (equilibrated with 0.05 M Tris 
HCI; 0.001 M EDTA; pH 7.7) was utilized to determine degree of aggregation of toxins at neutral and low pH 
(4.5). Absorbance of the column effluent was monitored at 280 nm. All samples were filtered through a 0.22 
50 um filter prior to injection. 



Biological Properties of Hydroxylamine-Cleaved Toxins 



55 In vitro Translation: Inhibition of protein synthesis was measured using a myeloma cell (Sp2-0: American 
Type Culture Collection, Rockwell, MO) lysate. Briefly, the reaction mixture contained 1.3 ml of cell lysate, 
15 mM ATP. 2,8 mM GTP, 25.4 mg of creatine phosphate/ml, 2 mg creatine kinase/mi solution, 0.18 ml of 
amino acid solution (without leucine), and 65 ul of [3H] leucine. Final volume was 2 ml; 80 ul was utilized for 
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measurement of protein synthesis. 



Binding of '^^1 Diphtheria Toxin to Cell Membranes 

5 

OT was iodinated by the iodogen method to a specific activity of 0.709 uci/pMole toxin. Membranes 
were prepared from human breast cancer cells (MCF-7, Michigan Cancer Foundation. Detroit, Ml) deter- 
mined to be sensitive to diphtheria toxin. l\/ICF-7 cells were cultured in Ouibecco's Minimum Essential 
Media supplemented with 5% fetal calf sera (FCS, Hycione, Inc.. Logan UT) 250 ug/mt gentamycin, pH 7.6; 

10 in 75 cm~^ flasks in an atmosphere of 5% of CO; upon reaching confiuency the cells were gently 
mechanically harvested and transferred to 0.25 M HEPES (H-2-Hydroxyethylpipa2ine-N'-2-Ethanesuifonic 
Acid), 0.01 sucrose 0.1% (w/v) bovine serum albumin (BSA); pH 7.4. The cells were broken by 25 strokes of 
a loose fitting dounce homogenizer and the homogenate centrifuged at 30.000 G for 30 min at 4 C. The 
resulting pellet was resuspended in 0.1 M HEPES. 0.001 m CaCI^; pH 7.4 and centrifuged at 30.000 x G for 

15 30 min at 4 C. Upon completion the pellet was resuspended in DMEM containing 0.025 M HEPES, 0.1 3SA 
(pH 7.5). Binding was conducted on membranes representing 1 x 10 cells in 100 ul buffer, iodinated toxin 
and unlabelled proteins were added in 50 ul 0.025 M HEPES, 0,1% (w/v) BSA (pH 7.5). Binding was 
determined after a 12 hour incubation at 4C. Following addition of' 3 ml ice-cold (HEPES) buffer, excess 
label was" removed by centrifugation at 30,000 x G for 10 min. at 4 C. and decanting the supernatant. 

20 Specific binding was calculated as the amount of iodinated toxin displaceabte by a 1000-fotd molar excess 
of unlabelled diphtheria toxin. 



ATP* Affinity Chromatography 

25 

Nucleotide affinity chromatograph (ATP [Ca]-Agarose, 1ml column) was performed as follows: Monomer 
toxins were applied in 0.01 M sodium phosphate; pH 7.5 and the column washed until the absorbance of 
0.05 ml fractions returned to baseline. Protein was eluted from the column with 0.5 M NaCI in start buffer. 

30 

Cytotoxicity of Diphtheria Toxin and Hydroxylamine Cleaved Toxins 



Cytotoxicity was determined utilizing MCF-7 cells cultured as described above. Cells are plated at 5000 
cells per well (200 ul) in 96 well polystyrene culture plates. After allowing 48 h for plating, the cells were 
35 washed twice with phosphate buffered saline (PBS, pH 7.2), and toxins added in media (n = 3 
wells/treatment). Cells were cultured at 37 C for 36 h in the presence of toxins. Following culture, 
cytotoxicity as expressed in cells surviving, was determined by acid phosphate activity as previously 
described ( Connolly et al., 1985 J. Anal.-Biochem. 152 : 136-140 ). * 

40 

Preparation and Cytotoxicity of Hybrid Proteins Containing Hydroxylamine Cleaved Diphtheria Toxin 



DT and hydroxylamine cleaved toxins were equilibrated in PBS (pH 7.5). DT chain was prepared as 
described by ( Bumol et al.. 1983 . Proc. Natl. Acad. Sci.. USA . 80: 529-533 ). and reduced for 10 min in the 
45 presence of 10 mM dithiothritol prior to conjugation. Reductant was removed by chromatography through 
Sephadex G-25 (1.5 x 20 cm) equilibrated with PBS. Luteinizing hormone and Con A were brought into 
solution in PBS from lyophilized stocks. 



50 Conjugation to Luteinizing Hormone and Con A 



A procedure modified from Guiliemont et aL, ( 1985 . J. Cell. Physiol . 122: 193-199 ) for derivatization. and 
conjugation of Con A to DT with N-succinimldyl 3-(2-p7ridyldithio) propionate (SPDP) was utilized for all 
proteins. SPDP (40 mM stock in absolute ethanol) was reacted with protein (in PBS) in the conditions 
55 summarized in Table 1 , for 60 min. at room temperature and the reaction stopped by dialyzing overnight at 
4 C against 4 L PBS; pH 7.5. For conjugation to PDP-containing DT and hydroxylamine cleaved toxins, LH 
' and Con A were reduced with 10 mM dithiothriotol for 10 min at room temperature and desalted (Sephadex 
G-25; equilibrated in PBS). Con A or LH were reacted with each toxin protein at a 1:1 molar ratio for 6 h at 
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23 C followed by 12 H at 4 C. The extent of conjugation was followed spectrophotometrically at 343 nm. 
The reactions were stopped by dialyzing into PBS at 4 C overnight. For a summary of the conjugation see 
Table 1. 



Cytotoxicity Assays 

Mouse Leydig tumor ceils (MLTC 1) were maintained in RPMI culture media buffered with 0.025 M 
HEPES, 0.025 M sodium bicarbonate, with 250 ug/ml gentamycin sulfate and 5% (v/v) fetal calf serum: pH 

to 7.7. The cells were grown in 75 cm^ flasks in an atmosphere of 5% C02 (37 C) and harvested on day 3 
post-plating for all studies. On the day prior to addition of toxins the cells were plated in 96 well plates at 
5000 cells per well in 200 ul media. On the day of the assay, cells were washed twice with PBS prior to the 
addition of treatments in media. For a determination of cytotoxicity, cells were cultured for 24 h (LH 
conjugates) or 36 h or the Con A conjugates. Kinetics of toxicity was determined for toxin derivatives of Con 

7 5 A. After two hours in the presence of conjugates, cells were washed twice with media to remove toxins, and 
cuitured fro the remainder of 36 hours in the absence of conjugates. Cell number was determined by acid 
phosphatase assay (Connolly et al., supra). Differences in toxicity between proteins were determined by 
analysis of variance. '■ 
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TABLE 1: CONJUGATION OF TOXINS TO CELL RECOGNITION MOIETIES 



CONCENTRATION MOLAR RATIO MOLES PDP/ MOLES LIGAND/ 
PROTEIN MG/ML SDP : PROTEIN^ PROTEIN^ TOXIN^ 



(Conjugation of Con A to toxins) 

cc^; A 1.0 5 2,01 — 

3T 1.0 2 1.12 1.06 

HAS IDT 0.5 2 0.9 0 .87 

.=^-:43DT 0.5 2 1,31 1.23 

DTA 1.0 - 0,91 



All proteins except DTA were reacted with SPDP as described 

in the text to introduce PDP moieties into protciin. For 

ccnjugation to diphtheria toxin, HA51DT and HA48DT, Con A-PD? 

was reduced. For conjugation to DTA, PDP 

co.^.taining ligand was used. ^ SPDP was reacted with each 

protein at the given protein concentration and molar excess 
2 

SPDP; Moles pyridyl dithio propionate incorporated into 
each protein with the given conditions; ^ Moles of Con A 
incorporated into each toxin molecule. 



EXAMPLE 2 
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The following example describes the generation of HA48DT and HA510T following hydroxylamine 
hydrolysis. 

Two carboxy-terminal truncated forms of OT were prepared by specific chemical proteolysis with 
hydroxylamine. The proteolysis is specific for either of two asparaginyl-glycyi peptide bonds near the 

5 carboxy terminal and results in the generation of two new proteins by removal of 81 and 53 amino acids 
from the carboxy terminal end {Figure 1). Purified, guanidine-denatured DT was reacted with alkaline 
hydroxylamine to break asparaginyl-glycyl peptide bonds. Controlled reaction conditions resulted in the 
production of the two proteolysis products of 51 Kd (HAS IDT) and 48 Kd (HA48DT) Mr, as well as 
unreacted DT in approximately equal proportions. The liberated carboxy-terminal peptides of DT were 

10 removed by molecular sieve chromatography under denaturing conditions, following which the hydrox- 
ylamine cleaved proteins were renatured and monomer protein was isolated by molecular sieve chromatog- 
raphy. The final isolation of the modified proteins was performed by anion-exchange chromatography. Purity 
of the modified proteins was demonstrated by SDS-PAGE. 

15 

EXAMPLE 3 



The following example tests the cytotoxicity of HA48DT and HAS IDT. 

20 Neither of the two modified proteins, HA51DT or HA48DT. are toxic for DT-sensitive cells {MCF-7) at 
concentrations up to 1 0.000 fold greater when compared with DT, nor do the modified toxins, at 1 000-fold 
molar excesses, compete with OT for binding to cell membranes prepared from these cells (Rgure 2). OT 
was labelled with iodogen to a specific activity of 0.71 uCi/pmol protein. Binding was performed in 1 7 x 75 
cm polypropylene test tubes on membranes from 1 x 10' ceils in 150 ui 0.05 M HEPES, 0.1% 8SA (pH 

25 7.5; HEPES buffer) during a 12 h incubation at 4 C. To each aliquot of membranes 40.000 cpm of 125-1 OT 
was added with the indicated concentration of non-iodinated protein. Membranes were precipitated by 
centrifugation (30,000 xg) of the contents of the tubes after addition of 3 ml ice-cold HEPES buffer; 
radioactivity in the pellet was determined after removal of the supernatant. Non-specific binding was 
determined as the amount of labeled toxin displacable by a 1000-fold excess unlabeled toxin. Each points 

30 represents an average of 3 replicates; pooled standard error is indicated. 

Toxicity of DT, HA51DT and HA48DT to MCF-7 cells was determined as follows. Cells were maintained 
in Delbecco's minimum essential media containing 5% fetal calf serum (OMEM). For the toxicity experi- 
ments, cells were plated at 5000 cells/well in 200 ul DMEM in 96 well polystyrene microtiter plates. Toxicity 
was expressed as a percentage of (control) cells surviving after 36 h culture as determined by acid 

35 phosphatase activity ( Connolly et al., supra ). The assay for acid phosphate is highly correlated (r = 0.96) to 
exclusion of trypan blue as a method for determining cellular death induced by toxins. For both Figure 2(a) 
and (b). each point represents a mean of 8 observations; pooled standard error is given. 



40 EXAMPLE 4 



The following example describes the cytotoxicity of hybrid DT molecules. 

When chemically linked to a cell surface binding moiety, Concanavalin A (Con A), HA51DT and 
45 HA48DT are much more potent cytotoxins than conjugates of Con A to diphtheria toxin A-chain (DTA; 
Figure 3). Pyridyl dithiopropionate (POP) groups were introduced into concanavalin A (Con A). DT, HA51DT, 
HA48DT with the heterobifunctional linking reagent SPDP (N-succinimidyl 3-(2-pyridyldithio) propionate; 
Sigma) ( Guillemot et ai., 1985 . J. Cell. Physiol. 122 : 193-199 ; Gilliland et al.. 1978 . Proc. Natl. Acad. Sci.. 
USA 75: 5319-5323 ). Briefly, SPDP (40 mM stock solution in absolute ethanol) was reacted at the given 
50 ratios with Con A (f:1). DT (2:1). HA51DT (2:1), and HA48DT (2:1) in 0.01 M phosphate, 0.186 M sodium 
chloride; pH 7.5 (PBS) for 60 min at 23 C. The reactions were halted and unreacted SPDP removed by 
dialysis for 12 hours at 4 C against 4 L PBS. For conjugation to POP-containing DT, and HADT's, Con A 
was reduced with 10 mM dithiothreitol to generate a reactive thiol, and reacted separately with PDP-OT, 
PDP-HA51DT. and PDP-HA48DT at a 1:1 molar ratio for 6 h at 23 C and 12 hours at 4 C. For conjugations 
55 of Con A to DTA. prepared as previously described ( Sumol et al.. 1983 . Proc. Natl. Acad. Sci„ USA 80: 529- 
533) . PDP-Con A was reacted with A-chain at a 1:1 molar ratio. The extent of ail reactions was determined 
spectrophotometricaliy by measuring liberation of pyridyl-2-thione release at 343 nm during the thiol- 
disulfide exchange reaction. The cytotoxicity of Con A hybrid toxins on mouse Leydig tumor cells (MLTC1) 
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70 



75 



was cbserved following exposure to toxins for 36 hours {Figure 3a). Cells were plated in 96 well polystyrene 
microtiter plates at 5000 cellswell in 200 ul DMEM. and conjugates added. After 36 hours continous culture 
in the presence of hybrids, the cell number was determined. In Rgure 3{b) the cytotoxicity of Con A hybrid 
toxins in MLTCl cells is shown following 2 hour exposure to toxins. Ceils were cultured in the presence of 
toxins for 2 hours after which the cells were washed free of toxin and cultured through 36 hours at which 
time the cell number was determined. 

Murine cells, such as the MLTCl line used above, are insensitive to the effects of OT. but have fully 
susceptible elongation factor 2, providing a system for comparing toxicity of modified toxins to DT. 
Consequently, the cytotoxic effects of conjugates of Con A linked to either HA51DT and HA48DT to a 
conjugate of Con A linked to DT were directly compared. With both long (36 hours) and short (2 hours) term 
exposure of cells to conjugates, Con A-HA510T was equally toxic as the conjugate of DT. while the 
HA48DT conjugate was only slightly less toxic than either conjugates of HA51DT or DT. These results 
indicate that DT, modified as described herein, possesses essentially ali of the membrane transport ability 
cf the original toxin, but little, if any. of the cell surface binding ability. Differences in toxicity of the hybrids 
basea on the LDso is summarized in Table 2. 



TABLE 2 



20 



25 



20 



35 



CYTOTOXICITY OF DIPHTHERIA TOXIN DERIVATIVES 


1) 36 HOUR CONTINUOUS CULTURE WITH CON 


A-TOX!N CONJUGATES: 


CON A-TOXIN 


LDso (pM) 


EFFECTIVENESS 






REUTIVE TO CON 






A-DTA 


OTA 


8.400 


1 


HA48DT 


270 


31 


HAS IDT 


25 


336 


DT 


21 


400 


2) TWO HOUR PULSE WITH CON A TOXlN/36 HOUR 


CULTURE WITHOUT TOXIN: 


CON A-TOXIN 


LDso (nM) 


EFFECTIVENESS 






REi ATIVE TO CON 






A-DTA 


DTA 


3.500 


1 


HA480T 


3.5 


1 .000 


AS IDT 


0.74 


4.730 


DT 


0.94 


3.720 



-^5 



EXAMPLE 5 
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53 



The following example describes the production of an antibiotic to the AIDS virus utilizing the cytotoxic 
agents HA48DT or HA51 DT. 

The T-lymphocyte antigen CD-4 appears to be the cellular receptor for the HIV virus, the pathogen 
causing AIDS [Littman. D.R.. Ann. Rev. Immun. 5. 561. 1987]. Considerable variation of the HIV virus has 
been noted, but all infective forms bind to CD-4 through the viral gp 120 envelope protein [e.g. Lasky et al. 
cell 50. 975, 1987]. Consequently, the use of CD-4 to recognize HIV-infected cell avoids the problem of viral 
antigenic variation that is presently one of the major problems in vaccine production. Cloned, soluble forms 
of CD-4 are available [e.g. Rsher et al, Nature 331. 76. 1988]. Toxins joined to CD-4 have been shown to 
kill HIV-infected cells selectively [Till et al, Science 242, 1166, 1988; Chaudhary et al. Nature 335. 369, 
1988]. 

A major drawback in the development of specific cytotoxic agents has been the stow kinetics of killing 
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offered by most currently available conjugates. Those specific cytotoxic agents appear to be sufficiently 
selective, but cytotoxic potency appears to be too low for effective use in vivo. The truncated diphtheria 
toxins laci< intrinsic HA46DT or HA510T binding properties, but, when attached to a cell-binding agents, are 
as potent as the original toxin [Myers and Villemez. J. Biol. Chem. 263, 17122, 1988]. Experiments in model 

5 systems indicate that toxic moieties of that potency will be sufficient for in vivo effectiveness [Marsh. J.A., J. 
Biol. Chem. 263. 15993. 1988; Pastan et al. Cell 47, 641, 1986]. 

An antibiotic for the treatment of AIDS can be produced by linking soluble CO-4 to either of the 
truncated diphtheria toxins, HA48DT or HASIOT. The covalent bond between CD-4 and the truncated toxins 
can be either a disulfide, a thioether, or a sterically restricted disulfide linkage, all of which have been 

70 shown to produce effective selective cytotoxic agents with these types of toxins. 



EXAMPLE S 

rs 

The following example describes the production of an antibiotic for treatment of melanoma using 
HA48DT or HA51DT. 

There exists an antibody which binds selectively to a large molecular weight cell surface molecule 
found in more than two-thirds of human melanoma tumors, and not to normal ceils [Spitler, L.E.. 
20 "Immunotoxins", A.E. Frankel ed.. Kluwer Acad. Pub.. 1988. Chap. 26]. The A-chain of ricin joined to this 
antibody has been shown to kill melanoma cells selectively. Clinical trials using the melanoma-specific 
antibody conjugated to ricin A-chain, tradenamed Xomazyme-Mel, has proved to have few side effects. 
While some of the human tumors have regressed somewhat, the patients in these clinical trials have gone 
largely uncured. 

25 One of the major drawbacks in the development of specific cytotoxic agents has been the slow kinetics 
of killing offered by most currently available conjugates. Those specific cytotoxic agents appear to be 
sufficiently selective, but cytotoxic potency appears to be too low for effective use in vivo. However, 
HA480T and HASIOT, when attached to a cell-binding agent, are as potent as the original toxin [Myers and 
Villemez, J. Bio. Chem. 263. 17122, 1988], Experiments in model animal systems indicate that toxic 

30 moieties of that potency will be sufficient for in vivo effectiveness [Marsh, J.A.. J. Biot. Chem 263, 15993, 
1988; Pastan et al. Cell 47. 641. 1986]. 

New antibiotic for the treatment of melanoma can be produced by linking the Xoma anti-melanoma 
antibody, or the f (ab) fragment of the antibody, to either of the truncated diphtheria toxins. HA48DT or 
HA51DT. The covalent linkage between the antibody and the truncated toxins could be a disulfide, a 

35 thioether, or a sterically restricted disulfide linkage, all of which have been shown to produce effective 



Claims 

40 1. A derivative of diphtheria toxin having the following amino acid sequence: 

Ly 3 -iie-Arg -oai-Arg -Cys' Arg -MsziJ^^As^ 
Arg-M-Lys-Ser-ProjM-Tyr-ysl-Gl^sn 

Ser-Asp-Ssr-ili-GIy-VabLeii-Gly-Tyr-Gln-L 
>^"Asn-5er'Ly8'L^"Ser' Leu-Phe-Phg -GluHlg-Lyq-Spr-r, . 

50 

said toxin being a 1 1 kilodaiton toxin. 

2. A derivative to Claim 1 which contains a 7 kilodaiton derivative having the following amino acid 
sequence: 

55 
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S..Asp-Ser-(l.-Giy.y=lj^-G,y-Tyr-GIn-L^ 

v^-Asn-.er-Ly3-Leu-5er-Leu^Df^^-p|^ '^^ 



or a 3.5 kilodalton derivative having the following amino acid sequence: 



7*^ 



L y 3 -He - A r g -Met - A r g - Cy s- A r g " AlaHii-^^ 
Arg-£r2-Ly3-5er-£nii^-Tyr-\^-Gl>^ ' 

3. A derivative according to Claim 2 containing the following amino acid sequence: 



-Giy-^rg- 

ne-Cys- 



20 



25 



:::ib£ilz£ne2///>Arg"^ 

5er'Asp-Ser-li--GIy-Vahl^-Gly-Tyr-Gm^ 
vai'Asn-Ser-Ly8'Leu-5er- Leu'Phf>'Pha -n]U'i!°'f yg-sor-r 

said derivative being a 7 kilodaiton derivative. 

4. A derivative according to Claim 2 which contains the following amino acid sequence: 



30 



-GlyjArg- 

L y 3 - Me- A r g -Mel- A r g -Cy s- A r g - MaHji^A^ 



35 



said derivative being a 3.5 kilodalton derivative. 

5. A derivative of Claim 1 which contains the amino acid sequence thereof and contains the following 
amino acid sequence: 



-5 



50 



16 
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N-01y-A!i-Asp-Asp-V2LViHAsp-5er-SerS.yg-s.r:£ni^^ 

Thr-Ly ■ -Sra-GIy-fyr-iiji-Aso-Ser-IIi-Gln-l y , HSIy-Ui-Gln-L y ■ -£ci-t y i -SsrHjiy-TTir-GIn-^Iy-Asn- 

ryr.Asp-Asp-Asp-IraM.y,-Gly-Pia-ryr-S.r-Thr-Asp-Asn-lv,-ryr-A»- ^l»-AU^ Iy-rvr.S.r-Va;- 

Asp-Asn-61u-Asn-Pr,-'^-Ser-«lyH. y i -AlaH3ly-<3ly-V^H. y a -V*|-^^ 
y^UaiAlad^ y , - Va^Asp-Asn-^^^^ 

!j:iiiiL-6t<i-Gin-V3hGiy-T^p-6Iu-6Iu-.Eii2d!iH.yi-APB-5^^ 

Se H....-aro-Oh..Ala- 6lu^|y-Ser-Ser-Ser-Vai-6lu-ryr-!i»-A5n-Asn-^^ 
Ser-V^K6lui^-6lu-!le-Asn-Pht-€lu-Thr-Apj-Gly-LyB-ApgH3ly-<;iA-Asp-Ab^ 
nel;Ai2.-GIn-Al3<y s-AlaH3Iy-Asn-A r a -VL^■A P a -A P fl -5 er^ 

lJi2Asn-i^-Asp-im- Asp-y^Mii-Arg -Asp-Ly 3 -Thr-Ly s -Thr-Ly s-il^- 

GIu - Ser- Uu-LV8-Glu-///5^Glv- Pro-ilg -LyB-Asn-Lyg-M?t-Ser-Glu -Ser 

Pro- Asn-Ly 3 -Thr-M-Ser-G I u-G 1 u-L y 9 - Al3-Ly 3 -G In-Tyr-Liu-G 1 u -G 1 u- 
M's-G\n-Jhr-M3:±eu-G\u- M's-2m^ 

Thr-Glv-Thr-Asn-Pro-V?!-0^o-Al?-Glv-Ala-A<;n-Ty^- Alg-A^?-T^n-Al3-V:a| - 

Asn-y3l2A]aiGln-yaHk-Asp-Ser-Glu-Thr-Ala-Asp-Asn-j,gu-Gln-[ yg 

Thr-AlarAla-Leu-Ser- lle-Leu-PrQ- Glv-lle-Gly-Ser- Val-Met -Gly- l'g-Aia -Asp- 
Giy-Ala2ya[-/y/:?-/y/>Asn-Thr-Glu-Glu- lle-V2l-Aia -Gln-Se.'-- M?-Al2-i g-.- '^or 
5er-L eu-rier-V?^l-Ala- Gln- Ala-llg-Pro-i Pti-Val- Gly-GIu- Lg'j-Val -Asn-lla- 
G]y-Phe-Ala-Ala-Tyr-Asn-Phe;iVal- G 1 u-Ser- lle-lle- Asn- Leu-Pne - G 1 n - Va]^ 
yal-/r»>Asn-5er-Tyr-Asn-Arg- Pro-A1a- Tyr-Ser-Prn-fily-///>l yg-Thr-nin- 
Pro-Phe-Leu-/y/>Asp-G]v-Tvr- A1a-Val -5er-Tro-Asrv-Thr-y3i-fi]ii-A^p-^or- 

l]SdLla-APQ-Thr-Gly-Phi-Gln-Gly-61u-5er-Gly-/y/>Asp-iIi-Lya-iii-Thr- 

Ala-Glu-Asn-Thr- Pro-Leu-Prn-llP-Ala- Gly- Val-Lgu-Leu-Pro- Thr- Ho-Pro- Gly 
Ly 2 -Lsu-Asp-Val- Asn-Ly S -Ssr-Ly S -Thr- ///5-l1e-Ser-Vali "^"^ 

said derivative being a 48 Icilodalton derivative. 

6. A derivative of Claim 1 which contains the amino acid sequence thereof and contains the following 
amino acid sequence: 
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fO 



'5 



20 



25 



20 



15 



N-Gly-Ala-Asp-Asp-vai:VlKAsp-Ser-5erH.vi-Sgr -°ht-Vil-n«^^^ 
r^r 4.y , -=^-Glv-^yr-VJhAso-S5^-!il-Gln^. y ■ ^Iy-no.GInH.y 1 -3r^^ 

'yr-Asp-Asp-Asp-Ira^.y,.(;iy.Di^.ryr.s,r-rhr-Asp-Asn-lyi-rvr-A5B- iU-Al,^ iv--yr-q.r.v^^ 
Asp-Asn-6Iu-Asn-?rciji-3erK:lyH.y , -Al8-Gly^iy-Vj^^ 
2ii!il2;£i3djH y I- VLHAsp-Asn-A^^ 

Li:i:::2L-6 1 u-Qln-VaK61y-Thr-6 1 u -6 1 u -=i2^ 

Ser-l^h6lu-l^-6lu-l!.-Asn-Ph.-SIu-Thr-Are-GIyM.yB-Ar3H3!y^ln-Asp-A^^ 

r:Vz£k-cin-Aia<ys-Aia-^iy-A5n-Are-VL^Arg-APB-5er-Val-Glv-Ser-5er-Lgu 

iliiAsn-i^-Asp-ioi-Asp-VMini-Arg-Asp-Lys-Thr-Lys-Thr-Lys-iii- 
Glu - Ser- !^-Lye-Glu-/V/5-61y-£roHii-Ly8-Asn-Ly8-tlii-3er-GIu -Ser 
M-Asr.-Ly 9 -Thr-V|l-58r-G I u-G I u-Ly 9 -Al2-Ly 9 -Gln-Tyr-Leij-G I u-G lu- 
i- ///>Gln-Thr- Ala-Leu - G I u - ///>£ro-G I u -Leu-Ser-G 1 u -Leu- L y 3 -Thr-V3l- 



i nr-CMy-Thr-Asn-Pnviy^uD^^^ 
7h-- Ala-A!i-i^- S er- iii^^ 

Giy-Ala2Vai-/V/5"///>Asn"Thr-61u-GIu Hle'V3l-Ai3 -CHn 

Giy-£h^-Ai32Ma-Tyr-Asn-Ph^^ 

viL"^>>Asn-S8r-Tyr-Asn-Arg"Pro:^^ 
££2zEnizLeu-/Y/>Asp-G1y-Tyr-Al2^ 

iIiiLli-Arc-Tnr-Gly-Ph^-Gln-Gly-Glu-5er-Gly-///>Asp-^^ 

Ala-Glu-Asn'Thr-Pro-Lgu-Prn-llP-Ala-Gly- Val-Leu-Lgu-Prn -Thr-flo-Drn^ 

Ly 3 -l^- Asp- Vai- Asn-L y s -Ser-Ly 3 -Thr- ///> Jii-Ser-Mr^^ 

Lys-ne-Arg-Mei-Arg-Cys-Arg-AigHi i-Asp-^ ^^ 

Apg-Pra-Lys-Ser-PTQ^^^-Tyr-ysi-Glv^^^ 



said derivative being a 51 kilodalton derivative. 

7. A process for preparing tiie derivatives of Claims 1 to 6 wliich comprises subjecting a diphtlneria 
toxin to chemical proteolysis so as to cleave said toxin at both the asparaginyl-glycyl peptide bonds, 
thereby producing HA51DT, HA48DT, HA1 IDT. HA7DT or HA3DT peptide fragments. 

3. The process according to Claim 7 in which the proteolysis is accomplished with hydroxylamine. 

9. A hybrid protein comprising protein fragments joined together, said hybrid protein comprising: 

fa) the enzymatically active Fragment A-chain of diphtheria toxin: 

fb) the Fragment B-chain of diphtheria toxin having been modified so as to be devoid of intrinsic 
binding activity but retaining membrane translocating properties: and 

50 fc) a cell specific binding moiety linked to said protein. 

10. The hybrid protein of Claim 9 wherein said protein fragments are joined together by peptide bonds. 

11. The hybrid protein of Claim 9 wherein the cell specific binding moiety is a cell specific antibody. 

1 2. The hybrid protein of Claim 9 wherein the cell specific binding moiety is a hormone. 

55 1 3. The hybrid protein of Claim 9 wherein the cell specific binding moiety is Concanavalin A. 

14. A pharmaceutical composition in dosage unit form comprising from about 1 ug to about 20 mg of a 
hybrid protein according to any of Claims 9 to 13. 
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0 This invention relates to a modified diphtheria toxin (DT) having the following amino acid sequence: 

Lya-jQi-Arq-tlsi-Arg^ys-Arfl-AiaHjj^Asp^ 

Arg -Pro-Ly a -Ser- Pro •vaH Tyr-Val-G]>(^sn-6jy^yal- A/f Ala-Asn-Lsu- Ms- 
Va1'Ala-Phg- ///>A p g -Ser-Ser-Ser-6 1 u-E7¥=I3&- /V/^-Ser- Asn- G 1 u-Us-Ser- 
Ser-AsD-Ser-l^e-Gly« Val>Leu- G'ly-Tyr-61n"LV9-Thr-M-Asp-///>Thr-Ly8' 
Va1-Asn-Ser"LyB-Leu-Ser- Leu-Phg-Phe- 61u-ll£.-Ly8''Sef-C i • 



and method of preparing the same in which two carboxy-terminal truncated forms of DT are prepared by 
specific chemical proteolysis generating two new proteins HAS IDT and HA48DT which can be chemically 
linked to a cell specific binding moiety to produce potent cytotoxins. This invention further relates to 
carboxy terminal peptides formed in accordance with said proteolysis generating three peptides HAi i DT, 
HA7DT and HA3DT. 
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